Background: Conflict exists regarding the usefulness of measuring plasma B type natriuretic peptide (BNP) concentrations for identifying impaired left ventricular (LV) systolic function during mass screening. Various cardiac abnormalities, regardless of degree of LV dysfunction, are prone to carry a high risk of cardiovascular events. Objective: To examine the validity of plasma BNP measurement for detection of various cardiac abnormalities in a population with a low prevalence of coronary heart disease and LV systolic dysfunction. Design and setting: Participants in this cross sectional study attended a health screening programme in Iwate, northern Japan. Plasma BNP concentrations were determined in 1098 consecutive subjects (mean age 56 years) by direct radioimmunoassay. All subjects underwent multiphasic health checkups including physical examination, ECG, chest radiography, and transthoracic echocardiography. Results: Conventional diagnostic methods showed 39 subjects to have a wide range of cardiac abnormalities: lone atrial fibrillation or flutter in 11; previous myocardial infarction in seven; valvar heart disease in seven; hypertensive heart disease in six; cardiomyopathy in six; atrial septal defect in one; and cor pulmonale in one. No subjects had a low LV ejection fraction (< 40%). To assess the utility of plasma BNP measurement for identification of such patients, receiver operating characteristic analysis was performed. The optimal threshold for identification was a BNP concentration of 50 pg/ml with sensitivity of 89.7% and specificity of 95.7%. The area under the receiver operating characteristic curve was 0.970. The positive and negative predictive values at the cutoff level were 44.3% and 99.6%, respectively. Conclusion: Measurement of plasma BNP concentration is a very efficient and cost effective mass screening technique for identifying patients with various cardiac abnormalities regardless of aetiology and degree of LV systolic dysfunction that can potentially develop into obvious heart failure and carry a high risk of a cardiovascular event.
Background: Conflict exists regarding the usefulness of measuring plasma B type natriuretic peptide (BNP) concentrations for identifying impaired left ventricular (LV) systolic function during mass screening. Various cardiac abnormalities, regardless of degree of LV dysfunction, are prone to carry a high risk of cardiovascular events. Objective: To examine the validity of plasma BNP measurement for detection of various cardiac abnormalities in a population with a low prevalence of coronary heart disease and LV systolic dysfunction. Design and setting: Participants in this cross sectional study attended a health screening programme in Iwate, northern Japan. Plasma BNP concentrations were determined in 1098 consecutive subjects (mean age 56 years) by direct radioimmunoassay. All subjects underwent multiphasic health checkups including physical examination, ECG, chest radiography, and transthoracic echocardiography. Results: Conventional diagnostic methods showed 39 subjects to have a wide range of cardiac abnormalities: lone atrial fibrillation or flutter in 11; previous myocardial infarction in seven; valvar heart disease in seven; hypertensive heart disease in six; cardiomyopathy in six; atrial septal defect in one; and cor pulmonale in one. No subjects had a low LV ejection fraction (< 40%). To assess the utility of plasma BNP measurement for identification of such patients, receiver operating characteristic analysis was performed. The optimal threshold for identification was a BNP concentration of 50 pg/ml with sensitivity of 89.7% and specificity of 95.7%. The area under the receiver operating characteristic curve was 0.970. The positive and negative predictive values at the cutoff level were 44.3% and 99.6%, respectively. Conclusion: Measurement of plasma BNP concentration is a very efficient and cost effective mass screening technique for identifying patients with various cardiac abnormalities regardless of aetiology and degree of LV systolic dysfunction that can potentially develop into obvious heart failure and carry a high risk of a cardiovascular event.
T he prevalence of congestive heart failure may continue to rise as the proportion of elderly people within the population increases. 1 Although the prognosis for this disorder may have improved with recent medical and surgical interventions, the expected duration of survival has been reported to remain less than two years. 2 To make a major impact on the prognosis for this disorder, it would be important to recognise various forms of heart disease early enough to limit or interrupt the progression of the condition before the occurrence of overt heart failure. 3 However, no simple screening test without the need for specialised techniques has yet been established for this condition.
B type natriuretic peptide (BNP) is synthesised and released from myocardium in response to an increase in ventricular filling pressures. [4] [5] [6] Plasma BNP concentrations have been reported to be increased in various forms of heart disease including cardiomyopathy, 7 8 hypertensive heart disease, 9 valvar heart disease, 4 and atrial fibrillation. 10 Some studies have shown that measurement of plasma BNP concentrations is useful for detecting patients with impaired left ventricular (LV) systolic function in hospital and community based settings. [11] [12] [13] [14] However, in elderly patients taking diuretics for congestive heart failure, BNP testing is not useful for differentiating those with LV systolic dysfunction (defined as having an LV ejection fraction < 30%) from those with a normal ejection fraction. 15 Similarly, in patients with previous myocardial infarction, plasma BNP measurement is unable to distinguish between patients with mild LV systolic dysfunction and those with preserved LV systolic function. 16 In one community based study the sensitivity of BNP measurement for detecting impaired LV systolic function without cardiac hypertrophy was reported to be < 30%. 17 In addition, the positive predictive value of BNP testing for detection of LV dysfunction has been reported to be relatively low. 11 12 These observations suggest that circulating concentrations of BNP may be increased by factors other than impaired LV systolic function, 18 including mild LV dysfunction, ventricular volume load, and LV hypertrophy. We therefore speculated that plasma BNP measurement may be useful in mass screening for a wide range of cardiac abnormalities, especially precursors of heart failure, in a population with a low prevalence of LV systolic dysfunction.
In an earlier study we reported that measuring plasma BNP was useful for the selection of subjects with various forms of heart disease in multiphasic health screening. 19 This study suggested that plasma BNP measurement is valid for detecting subjects with previous myocardial infarction, cardiomyopathy, hypertensive heart disease, atrial fibrillation, or valvar heart disease. All of these disorders are important precursors of heart failure and generate a high prevalence of cardiovascular events regardless of aetiology and degree of LV dysfunction. However, these potentially serious outcomes may be preventable, or at least deferred, by medical or surgical intervention. This earlier study suffered from the shortcoming of a lack of complete echocardiographic data on LV systolic function, LV geometry, and valve regurgitation. As a consequence, a number of subjects with mild LV dysfunction, LV hypertrophy, and valvar heart disease may have missed detection. To validate our hypothesis that plasma BNP measurement is an efficient blood test for detection of various types of heart disease, especially precursor forms of heart failure, the present study incorporated transthoracic echocardiography on all subjects in conjunction with ECG and chest radiography.
METHODS

Subjects
The patient sample comprised 1110 consecutive subjects (701 men, 409 women; mean age 55.8 years, range 25-83 years) who attended a multiphasic health checkup programme run by the Iwate Health Maintenance Association (IHMA) between June 1998 and August 2000. IHMA is a non-profit health maintenance organisation that covers more than half the population in a rural area of the Iwate prefecture. Most of the subjects were recruited through a Japanese agricultural cooperative association in northern Iwate prefecture. Health checkups were performed in response to a circular or a home visit invitation by health care personnel. Participation was voluntary and the sample was thus deemed to be representative of the local population, except for the extremes of wealth and poverty. There were no limitations on participant selection even if they had any history of heart disease and were receiving ongoing medications, but hospital inpatients were not included in the study population.
Measurements
All subjects underwent physical examination, chest radiography, supine 12 lead ECG, and blood pressure measurement. Blood tests were also taken for blood cell count, liver and renal function, and glucose and lipid concentrations. These samples were obtained during the morning of attendance and were taken from a forearm vein with the patient in a sitting position. While these standard samples were being taken, an additional 2 ml sample of venous blood was collected into a test tube containing EDTA-2Na for plasma BNP measurement. Blood samples was centrifuged immediately and the plasma was stored at -80°C until the BNP assay was carried out.
Plasma BNP concentrations were measured by direct radioimmunoassay using monoclonal antibodies specific for human BNP (Shiono RIA BNP kit, Shionogi & Co, Ltd, Osaka, Japan). Cross reactivity of the antibody was 100% for human BNP and 0.001% for human atrial natriuretic peptide. The intra-assay and interassay coefficients of variation were 5% and 6%, respectively. The assay was performed within three months of sampling.
Echocardiography was performed with a high performance Acuson 512 Sequoia (Acuson, Mountain View, California, USA) with a 3V2C transducer (3.5 MHz with harmonic image). Of the data obtained, 1098 of 1110 (99%) were analysable for left atrial dimension, LV septal and posterior wall thickness, and LV chamber dimensions, which were measured according to guidelines of the American Society of Echocardiography. 20 LV ejection fraction was calculated by Teichholz's rule. 21 The echocardiographic report was compiled immediately after the test by an echocardiography technician of IHMA, with video recorded figures being checked after this by an experienced echocardiogram specialist (Ma N). The median variation between two readings by the same observer or by different observers for LV ejection fraction or LV dimensions was within 10% in both cases. These procedures were performed with no knowledge of the plasma BNP concentrations.
Diagnosis
Diagnosis was carried out by two independent cardiologists (H E and Mo N) on the basis of each subject's medical questionnaire, chest radiograph, ECG, and echocardiographic report. Again, this was done with no knowledge of plasma BNP concentrations. "Hypertensive heart disease" was diagnosed if subjects had echocardiographically documented LV hypertrophy (> 13 mm) and ST/T segment changes on ECG with increased blood pressure (systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg) or were taking antihypertensive drugs. "Mitral or aortic valve regurgitation" was defined as a regurgitation grade > 3°with a significant increase in LV chamber size. When subjects with no current or previous hypertension had echocardiographically documented LV hypertrophy (> 13 mm) with giant negative T wave in at least four leads on ECG, they were designated as having "hypertrophic cardiomyopathy."
Statistical analysis
Receiver operating characteristic (ROC) curves were constructed to assess the sensitivity and specificity of plasma BNP throughout the range of concentrations as an indicator of each disease category. The area under the curve and 95% confidence interval (CI) of each ROC curve were calculated to provide a measure of the overall diagnostic accuracy of the test. The optimum concentration of BNP for calculation of positive and negative predictive values was obtained from the ROC analysis. Table 1 shows the clinical characteristics of the study subjects. Of the total sample, 293 subjects were regarded as hypertensive as defined by systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg. Of this group, 191 received regular antihypertensive medication while the remaining 102 were not treated. This prevalence rate of hypertension is comparable with that reported previously in a sample from a rural area of northern Japan. 22 Eighteen subjects were prescribed drugs for hypercholesterolaemia and 67 subjects had serum total cholesterol concentrations >6.2 mmol/l. Sixty one subjects showed mildly increased serum creatinine (> 0.115 mmol/l) but none were on haemodialysis. Abnormal ECG findings were observed in 301 subjects (27.4%), including left or right bundle branch block, ST/T segment changes, voltage elevation for LV hypertrophy, premature beats, or atrial fibrillation or flutter. However, by transthoracic echocardiography, no subjects showed LV systolic dysfunction (LV ejection fraction < 40%). Several subjects (n = 8) reported the use of anti-angina medication for a history of angina like pain. However, since detailed information such as results of stress testing or coronary angiography could not be obtained, these subjects were excluded from the ROC analysis. Thirty nine subjects out of 1098 (3.6%) had some form of heart disease from various aetiologies (table 1). The diagnoses were lone atrial fibrillation or flutter in 11, previous myocardial infarction in seven, valvar heart disease in seven, hypertensive heart disease in six, hypertrophic cardiomyopathy in five, dilated cardiomyopathy in one, atrial septal defect in one, and cor pulmonale in one subject.
RESULTS
In their medical questionnaire, 12 of 39 subjects (31%) listed one or more cardiovascular comorbidity, mainly hypertension. Eighteen of the respondents with heart disease (46%) were not on any medical treatments. Five of 11 patients with lone atrial fibrillation or flutter did not describe any of their previous medical care. Four of seven patients with previous myocardial infarction had a history of myocardial infarction, while the remaining three patients had no history of the disease. Valvar heart disease had previously been diagnosed in only one patient with this disorder and four patients in this category were treated as having hypertension or "arrhythmia". Three patients with hypertensive heart disease did not receive any medical care including antihypertensive treatment. Three patients with hypertrophic cardiomyopathy did not have a medical history of this disorder. Figure 1 shows the distribution of plasma BNP concentrations in subjects with and without heart disease. In subjects without heart disease, more than 95% had plasma BNP concentrations of < 50 pg/ml, whereas among those with some form of heart disease, approximately 90% had plasma BNP concentrations > 50 pg/ml.
The highest degree of diagnostic accuracy in plasma BNP measurement was shown to be previous myocardial infarction (table 2) , with sensitivity and specificity of 100% and 97%, respectively. The area under the ROC curve was 0.986 (95% CI 0.977 to 0.992). Identically high levels of sensitivity and similar diagnostic accuracy were obtained for lone atrial fibrillation or flutter, hypertensive heart disease, and valvar heart disease. In comparison, plasma BNP measurement was significantly less useful for the detection of hypertrophic cardiomyopathy (p < 0.05 v the above four disease categories).
The overall power of plasma BNP to detect these conditions (n = 39) was very high. The optimal threshold was 50 pg/ml with sensitivity of 89.7% and specificity of 95.7% (fig 2) and an area under the ROC curve of 0.970 (95% CI 0.958 to 0.979). The positive and negative predictive values at the cutoff were 44.3% and 99.6%, respectively.
The ability of ECG to detect heart disease was compared with that of the BNP test. All selected heart disease subjects showed apparent ECG abnormalities. In the remaining subjects without heart disease, 272 subjects showed ECG abnormalities. Thus, the sensitivity and specificity of ECG for the detection of heart disease were 100% and 74%, respectively. The positive predictive value for ECG testing was 12.5%. The area under the ROC curve for ECG testing was significantly less than that for BNP testing (0.873 v 0.987; p < 0.01). Figure 2 Receiver operating characteristic curve of the ability of plasma B type natriuretic peptide concentration to predict precursors of heart failure (previous myocardial infarction, lone atrial fibrillation or flutter, valvar heart disease, hypertensive heart disease, cardiomyopathy, adult type congenital heart disease, and cor pulmonale). The area under the receiver operating characteristic curve was 0.970. The optimal threshold for detection of these subjects was 50 pg/ml with sensitivity of 89.7% and specificity of 95.7%. 
DISCUSSION
The present study has shown that plasma BNP measurement is useful for the detection of various forms of heart disease, particularly precursor forms of heart failure such as previous myocardial infarction, lone atrial fibrillation or flutter, hypertensive heart disease, and valvar heart disease, all of which are prone to lead to overt heart failure and to cardiovascular morbid events.
McDonagh and colleagues 11 showed that in 1252 patients in the MONICA (monitoring trends and determinants in cardiovascular disease) risk factor survey, measurement of plasma BNP was a cost effective method for distinguishing the 37 participants (3.0%) with LV systolic dysfunction (LV ejection fraction < 30%) from those with preserved LV systolic function. In that study, the overall accuracy of plasma BNP measurement for predicting LV contractile dysfunction was modestly high as determined by a large area under the ROC curve (> 0.8) constructed by sensitivity and specificity at various cutoff levels. In contrast, Hetmanski and colleagues 15 recently reported a poor overall accuracy. In a sample of 653 elderly patients currently prescribed loop diuretics for heart failure treatment, the area under the ROC curve was < 0.6 for the detection of 314 participants (48.1%) with an LV ejection fraction < 40%. Their study suggests that plasma BNP measurement has relatively low sensitivity and specificity for detecting reduced LV systolic function. One of the important reasons for the discrepancy between these previous studies may be the difference in subjects' clinical background: mildly depressed LV systolic function is occasionally complicated by diastolic dysfunction as well as LV volume overload. In these pathophysiological conditions, plasma BNP concentrations are increased, even in the absence of any significant impairment in LV systolic function. Furthermore, circulating BNP concentrations are also raised in patients with hypertensive cardiac hypertrophy 9 and in those with valvar heart disease, 4 in whom LV contractile function is usually preserved. When considerable numbers of these subjects are included in a study group, the specificity and diagnostic ability to find subjects with LV systolic dysfunction are probably decreased.
Given the above limitations inherent in the use of plasma BNP measurement to identify impaired LV systolic function in a mass screening context, the present study examined the usefulness of this blood test for simply detecting various forms of heart disease irrespective of the degree of LV systolic dysfunction. Our findings in this instance were consistent with our previous study, 19 with the finding that this test was especially effective for detecting subjects with a wide range of important cardiac abnormalities that would be amenable to early treatment.
There is considerable merit in finding forms of heart disease in a mass screening context. Increased plasma BNP concentrations has been shown to be a poor marker for long term prognosis independent of LV ejection fraction in patients with myocardial infarction. 23 A population survey has suggested that 20-60% of subjects with non-fatal myocardial infarction are asymptomatic or unrecognised. 24 Wolf and colleagues 25 showed that the rate of stroke in patients with lone atrial fibrillation was more than five times as frequent as that in age, sex, and blood pressure adjusted populations. As anticoagulant treatment with warfarin reduces the relative risk more than 60%, 26 detection of these patients in the community by this blood test without time consuming ECG testing may save medical resources. Hypertensive LV hypertrophy is known to be a strong risk factor for future morbid events independent of age, blood pressure, or LV function. 27 Intensive blood pressure lowering treatment has been reported to reverse LV hypertrophy and decrease plasma BNP concentrations in patients with essential hypertension. 28 Use of BNP measurement to select patients with essential hypertension and LV hypertrophy for intensive antihypertensive treatment may be expected to reduce future cardiovascular events and improve prognosis. 29 Identification of hypertrophic cardiomyopathy is also important. Although the overall sudden death rate is relatively low in this disorder, patients with multiple risk factors such as increased LV wall thickness, non-sustained ventricular tachycardia, syncope, family history of sudden death, and abnormal blood pressure response to exercise have been reported to have substantially increased risk of sudden death. 30 Reports have suggested that either amiodarone or implantable cardioverter defibrillators may reduce the risk of sudden death in these high risk patients. 31 32 No subjects showed impaired LV systolic function in the population studied here. McDonagh and colleagues 33 reported a prevalence of severe LV systolic dysfunction as determined echocardiographically of 2.9% in an urban Scottish population. The predominant aetiology in this instance was ischaemic heart disease. Although no studies have examined the prevalence of LV systolic dysfunction in a general Japanese population, the large differences in prevalence of LV systolic dysfunction between the two populations may be caused by variation in the prevalence of coronary heart disease between Japan and Scotland. 34 There are no established blood tests for the detection of a wide range of heart conditions within large populations. Conventional methods such as medical interview, physical examination, chest radiography, ECG, and further echocardiography may consume considerable medical resources. The feasibility of further cardiac examination in cases with mild ECG abnormalities depends on physicians' decisions because no objective markers to assist the decision are yet available. In the present model, if all subjects showing abnormal ECG (table 1) had undergone more detailed examination by echocardiography, the total cost would have been approximately £26 700, being £8700 for ECG (£8 per single ECG) plus £18 000 echocardiogram (£60 per single echocardiogram). However, if plasma BNP measurement (> 50 pg/ml) had been used as an objective marker to determine which patients should undergo more detailed cardiac examination by ECG and echocardiography, the overall cost of screening, including the BNP test, would have been approximately half that of the ordinary screening procedure. This is based on a cost of £8700 for BNP measurement (£8 per single BNP test). In this study 84 subjects would have been eligible for further cardiac examination by virtue of showing a BNP concentration above the cutoff value.
In conclusion, this study suggests that measurement of plasma BNP concentrations is an efficient and cost effective mass screening means of identifying patients with various forms of cardiac abnormality, regardless of aetiology and degree of LV systolic dysfunction, that can potentially develop into obvious heart failure and carry a high risk of cardiovascular events. Embolism of an idiopathic pulmonary artery aneurysm A 56 year old woman was referred to our hospital with a 12 month history of exertional breathlessness. Auscultation revealed a soft ejection systolic murmur maximal at the left sternal edge. Electrocardiography and echocardiography were normal. Chest radiography revealed a well defined 1.5 cm diameter spherical mass adjacent to the left atrial appendage (left panel). Selective left pulmonary angiography confirmed a pulmonary artery aneurysm (PAA) arising from the lingular artery (right panel). The feeding artery was embolised with coils (Cook UK) and angiography confirmed successful exclusion of the aneurysm from the circulation. PAAs are a rare abnormality. Deterling and Claggett noted the vascular anomaly in only eight of a series of 100 000 unselected necropsies and over 50% of cases were associated with congenital heart disease. Patients with PAA may be entirely asymptomatic or complain of symptoms, such as chest pain, cough, and breathlessness. Little is known about the natural history of PAAs; however, all aneurysms have the potential for rupture and it has been suggested that a third of patients with proximal PAA die from such a haemorrhage. We safely and effectively treated a peripheral anomaly with coil embolisation. 
